publicado na web em 15/05/2017 In this work, two sample preparation procedures for subsequent determination of Na, K, Ca and Mg by techniques of atomic spectrometry in samples of Brazilian cream cheese were evaluated. The determinations were performed on two equipments, F AAS and MIP OES, which presented similar results, being evident the advantages of MIP OES since it is a multielementar technique with low operational cost and high efficiency. The first procedure was carried out by acidic decomposition (HNO 3 /H 2 SO 4 ) in a reflux system, and the second used the alkaline solubilization with tetramethylammonium hydroxide. The accuracy was verified by recovery tests and the results were between 80 and 104% for both procedures. A comparison with a reference procedure was also performed and no significant differences have been observed at the 95% confidence level. The evaluated elements were not in accordance with the values indicated on the labels of all products, showing the importance for monitoring these products. The methods of sample preparation proposed showed to be simple, inexpensive, providing accurate and precise results, and are a promising alternative to be used for the quality control of these routine test samples.
INTRODUCTION
Recently there has been growing discussion about the need of reducing the sodium content in some dairy products, like milk drinks, mozzarella and Brazilian cream cheese (locality known for "requeijão"). The nutritional sodium requirement for humans is low (500 mg), about 1.2 g salt per day. However, the Family Budget Research (POF) of 2002-03 and 2008-09 showed that over 70% of the population consumes Na in excess. The estimated average daily intake is 12 g salt/person, 1 well above the recommendations defined by the World Health Organization, which establishes the maximum daily limit of 5 g of salt (which corresponds to 2 g of Na). 2 Thereby, a voluntary agreement was signed in 2010 between the Government of Brazil and the Brazilian Association of Food Industries (ABIA) to reduce the sodium content in sixteen categories of processed foods, being Brazilian cream cheese a member of this list. This agreement aims to minimize the excessive consumption of salt, which is associated with a number of chronic diseases such as hypertension, heart disease, kidney problems and cancer. 3 Among the equipaments used for metal analysis, the microwave induced plasma optical emission spectrometer (MIP OES) is unique because of its low gas consumption and it provides good sensitivity for a number of elements and is inexpensive and easy to operate Matusiewicz. 4 Different plasma gases has been used in MIP-OES technique, such as argon Brown 5 or helium Murillo, 6 but the use of nitrogen Arai 7 (generating from atmospheric air) allowed significantly decrease the operating costs and made the technique competitive to inductively coupled plasma based techniques. Supplying the nitrogen gas from a generator instead of bottles or liquid storing systems can cut the analytical cost even more Karlsson. 8 The advantage of MIP-AES over flame atomic absorption spectrometry (F AAS) is that the analytes can be analysed simultaneously, there is no flammable and toxic gases (e.g. acetylene, nitrogen peroxide) as well as no manual handling of gas-cylinders in the laboratory. 9 Brazilian cream cheese, because it is a complex matrix with high content of organic compounds, requires treatment prior to analysis. 10 Conventional sample preparation methods for the determination of minerals in organic samples by spectrometric techniques usually involve acidic decomposition at high temperatures by the dry process and wet process in an open system, which is related to possible losses of analytes, the necessity of replacement of the acidic medium, in addition to contamination problems.
11-13
A promising alternative which overcome these limitations related to the classical methods of sample preparation is based on the acid decomposition under reflux system, which was developed and applied by Ferreira et al. 14 In order to increase the system efficiency, Oreste et al. 15 developed a new design of the reflux system for commercial systems, which allows continuous recirculation of cold water, thus promoting the condensation of acid and the reflux, thereof supporting decomposition and avoiding loss of acid and volatile elements. This system allows the use of temperatures above the boiling point of the acids, which leads to an increase of the turbulence in the system, promoting heat transfer, thereby increasing the efficiency of the method. Its applicability has been shown in the preparation of different types of matrices for subsequent determination of metals by different analytical techniques. [16] [17] [18] Another simple and efficient alternative used for the preparation of organic samples employs solubilization with tetramethylammonium hydroxide (TMAH). Samples treated with TMAH provides a solution with characteristics similar to a suspension, with a low dilution factor and remaining stable for months at room temperature. 19 Ribeiro et al.. 20 and Nobrega et al.. 21 used the solubilization with TMAH in milk samples for determination of various elements by ICP OES and ICP MS.
Considering the lack of a sample preparation procedure that is proven suitable for Brazilian cream cheese and valuing convenience, speed and efficiency, this study aims to develop and evaluate two sample preparation procedures: acid decomposition, using mixture of HNO 3 /H 2 SO 4 in a reflux system, and alkaline solubilization system with TMAH, for subsequent determination of Na, K, Ca and Mg in Brazilian cream cheese samples by atomic spectrometric techniques, MIP OES and F AAS/AES for comparision. The procedures were optimized using central composite design to assess the significance of the variables and thus establish the best working conditions for all analytes.
EXPERIMENTAL

Apparatus and instrumental parameters
The determinations of Na, K, Ca and Mg were carried out using a flame atomic absorption/emission spectrophotometer (F AAS/ AES) AAnalyst 200 (Perkin Elmer, Connecticut, EUA), with flame composed of compressed air with a flow rate of 10 L min -1 and acetylene gas 99.7% (Linde, São Paulo, Brazil) with flow of 2.5 L min -1 . The equipment operates in emission mode for Na and K and in absorption mode for Ca and Mg, which require the use of hollow cathode lamp (Perkin Elmer, Singapore). Background correction with deuterium arc lamp was used for Mg determination. F AAS/AES was operated using the working conditions described in Table 1 .
For the robustness evaluation of the proposed procedures, the four elements were determined by an Agilent 4200 Microwave Plasma Atomic Emission Spectrometer (MIP OES) model (Agilent Technologies, Melbourne, Australia) equipped with a nebulizer and a double-pass glass cyclonic spray chamber (Agilent Technologies, Melbourne, Australia). This new equipment works with nitrogen plasma extracted from the air by a 4107 Nitrogen Generator (Agilent Technologies, Melbourne, Australia). Torch alignment and wavelength calibration for each analyte were carried out using a wavelength calibration solution for each medium (HNO 3 /H 2 SO 4 and TMAH) and automatically optimized by the instrument with MP Expert Software program (version1.5.1.0, Agilent Technologies, Melbourne, Australia). Instrumental parameter used were respectively: pump speed 15 rpm, uptake time 15 s, stabilization time 15 s, read time 3 s, number of replicates 3 and automatic background correction. The instrumental conditions depending on the analyte are described in Table 1 .
In this work the samples were weighed using an Ohaus Adventurer analytical balance (Model AR 2140, Pine Brook, NJ, USA) with a resolution of 0.1 mg and tare maximum of 210 g. Moisture was determined in an oven (model 1.2, Odontobras, São Paulo, Brazil).
For the sample preparation by acid decomposition (HNO 3 /H 2 SO 4 ), a heated digestor block (MA-4025 from Marconi, Piracicaba, SP, Brazil) was used. The reflux system consists of a glass digester tube closed with a small glass tube (17 cm) and filled with continuous cold water recirculation, controlled at 15 ° C by a thermostatic bath Model Q-214M2 (Marconi, Piracicaba, SP, Brazil). This system adapted by Oreste et al. 15 promotes the acids recirculation within the bigger tube (25 cm) and avoid losses by volatilization of the analytes and reagents during the decomposition.
For the decomposition by dry method (Reference method) a muffle furnace model Q-318.24 (Quimis, São Paulo, Brazil) was used and the final ashes were solubilized in a heating plate model 752A (Fisatom, São Paulo, Brazil).
Reagents and solutions
Analytical reagent grade materials were used for all the experiments: nitric acid 65% (w/w), hydrochloric acid 36.5% (w/w) (Synth, São Paulo, Brazil), sulfuric acid 98% (w/w) (Vetec, Rio de Janeiro, Brazil), tetramethylammonium hydroxide 25% (w/v) in water (Sigma Aldrich, Seelze, Germany). Samples and standards were prepared with deionized water obtained by a water distiller MA078 (Marconi, São Paulo, Brazil) and subsequently deionized by passing through a column CS1800 (Permution, Curitiba, Brazil). Nitric acid 65% (v/v) and hydrochloric acid 36.5% (w/w) were purified by double subboiling distillation in a quartz system MA-075 (Marconi, São Paulo, Brazil). All glass containers and laboratorial materials were washed and decontaminated by immersion in 10% v/v HNO 3 for at least 48 h, rinsed with deionized water and dried.
The standard solutions of the analytes were diluted with deionized water from stock solutions (Fluka, Buchs, Germany) containing 10.000 mg L -1 of Na, K and Mg, and 1.000 mg L -1 of Ca. Calibration curves were constructed from these solutions in concentrations ranging between 0.25 and 1. 
Sample preparation procedures
Procedure 1: Acid decomposition using reflux system
The analysis was performed by weighing 875 mg of the sample directly in the digestion tubes, then 5 mL of HNO 3 and 3 mL of H 2 SO 4 were added. The reflux system was coupled to digestion tubes, which were heated in the digester block at a temperature of 325 °C, and the decomposition time was 3 h. The independent variables sample mass, H 2 SO 4 volume, temperature of the digester block and decomposition time, were optimized using experimental design. After cooling, the decomposed samples were transferred to polypropylene vials and adjusted to 50 ml with deionized water.
Procedure2: Alkaline solubilization with TMAH
For alkaline solubilization, 300 mg of the sample were weighed directly into polypropylene vials, followed by addition of 100 µL of TMAH, standing overnight (approximately 12 hours) at room temperature. After this period, the vials were adjusted at 50 mL with deionized water. 
Procedure 3: Dry decomposition
In order to evaluate the proposed procedures for the analysis of Na, K, Ca and Mg, the sample was treated by reference methodology and the results were compared by statistical tests. This procedure used was described by Adolfo Lutz Institute of Brazil.
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Preliminary studies and methodology
The moisture content was determined using the method described by Adolfo Lutz Institute of Brazil. 12 The average percentages of moisture found for the six samples analyzed were respectively 65.0% for sample 1, 67.0% for sample 2 and 3, 75.0% for sample 4 and 5 and 70% for sample 6. This study aimed to define the sample with the highest amount of dry matter (lower moisture content) for development of the procedures. Sample 1 has the highest quantity of dry matter, and also presents higher content of fat and proteins, information obtained by the product label. Thus, because it is a more complex matrix, this sample was used for the development of the proposed sample preparation procedures.
Procedure 3 was conducted in order to verify the accuracy of procedures 1 and 2, which were optimized using an experimental design.
After checking the accuracy, the procedures were applied to other samples (sample 2, sample 3, sample 4, sample 5 and sample 6), and the four analyte concentrations were compared using two analytical techniques, F AAS/AES and MIP OES.
To evaluate the influence of variables related to the sample preparation stage for subsequent determination of the analytes under study, a central composite design (CCD) with response surface methodology (RSM) was performed. This influence was evaluated using Statistica software version 8.0 for Windows (Tulsa, OK, USA).
The independent variables for procedure 1 (acid decomposition under reflux system) were sample mass (500 to 1000 mg), H 2 SO 4 volume (1 to 3 mL), temperature of the digester block (280 to 340 °C) and decomposition time (1 to 3 h), totaling 27 assays (2 4 with 3 central points and 8 axial points), and to procedure 2 (alkaline solubilization with TMAH), sample mass (50 to 300 mg) and volume of TMAH (100 to 500 µL), totaling 11 assays (2 2 with 3 central points and 4 axial points). Tables 2 and 3 show the variables and levels used in the factorial design. It should be noted that the assays were performed in triplicate.
The accuracy of procedures 1 and 2 was evaluated by recovery tests and by comparison of methods with the reference method (procedure 3). For the first test, after obtaining the optimum conditions of the variables, procedures 1 and 2 were performed by adding known concentrations of the analytes to sample 1 and the percent recovery was calculated at the end of each analysis.
The limits of detection of the proposed methods (LOD) (3 times the standard deviation of 10 signals of the white of the calibration curve divided by the slope of the curve) were analyzed, as well as accuracy through repeatability, being expressed by standard deviations (RSD%).
RESULTS AND DISCUSSION
Experimental design
The results obtained by the CCD (Tables 2 and 3) showed, through Pareto chart, which were the variables that presented significant influence in the determination of Na, K, Ca and Mg. According to Figure 1 , which shows the Pareto chart for the four analytes obtained using procedure 1, it was observed that the variable sample mass was significant for all analyte determinations. However, the variable temperature is significant for the determination of Na ( Figure 1A ), K ( Figure 1B ) and Mg ( Figure 1D ), whereas the decomposition time was significant only for Ca ( Figure 1C) .
The same evaluation was made for the procedure 2. Figure 2 shows, through Pareto chart, that sample mass is a significant variable in the determination of Na (Figure 2A ), Ca ( Figure 2C ) and Mg ( Figure 2D ), and TMAH volume in the determination of Ca ( Figure 2C ) and Mg ( Figure 2D ). For determination of K ( Figure 2B) , none of the variables were significant at 95% confidence level. The analysis of variance (ANOVA) were made considering only the significant variables, and for both procedures the models were adequate to describe the results, enabling generate response surfaces graphics. The response surfaces graphics for the procedures 1 and 2 are shown in Figures 3 and 4 , respectively.
The influence of mass variable for the elements after acid decomposition is presented in the Figure 3 . The surface response of Figure 3A shows that the highest signals obtained for Na was achieved when used mass in the range of 625 to 875 mg. For the other analytes, higher mass provided the greatest signs. Thus, 875 mg was chosen for the study, assuring adequate sensitivity for analysis of the respective analytes.
For variable temperature, the surfaces of Figure 3A and 3D show that the highest signals for Na and Mg, respectively, are between 295 and 325 °C. However, for the K ( Figure 3B ) at higher temperature results in highest signal, which is in agreement with the literature, since the acid decomposition of samples that have high amount of fat and protein, require temperatures around 300 °C for greater efficiency in breaking carbon-carbon bonds of organic molecules. 13, 22, 23 The variable time was statistically significant only for Ca determination. The surface response graphic of Figure  3C shows that, in this case, the highest decomposition time was necessary to determine that element, since about 70 to 80% of Ca in milk is bound to the casein micelle. 24 De La Fuente and Juárez 25 reported that calcium associated with the casein micelles in the presence of fat difficults the determination of this element in milk samples. Würfles et al.. 22 reported in their studies that it is recommended acid decomposition at 300 °C to completely oxidize biological samples, regardless of chemical composition. At this temperature, decomposition after 2 h, the resulting solution contains practically no carbon (99.9% of the original content in the sample are oxidized carbon). Possibly, due to the complex structure of the casein micelle, higher temperature and time for this sample decomposition are required. However, due to the relatively low boiling point of HNO 3 (120 °C), decomposition with a mixture of HNO 3 and H 2 SO 4 (boiling point 339 °C) is recommended, which allows to work with higher temperatures by increasing the decomposition efficiency, especially in high-fat samples. 26 The variable H 2 SO 4 volume was not significant, however, in the preliminary tests it was observed that the decomposition carried out with mixture of acids (HNO 3 and H 2 SO 4 ) has better analytical signals in the determination of the four elements compared with the use of only HNO 3 . The same was verified by Oreste et al. 17 by using the mixture in order to determine Ca, Cu, Fe, K and Na milk powder samples.
During the tests it was observed that the decomposition using acid mixture with volumes of 1 and 2 mL H 2 SO 4 showed an oily residue after the decomposition, which was not observed when using 3 mL of acid. Thus, the volume of 3 mL was chosen to avoid interference during analysis, especially in the nebulization F AAS/ AES and MIP OES.
At the end of this study, the optimal condition for the procedure 1 was: 875 mg of sample, 3 mL of H 2 SO 4, 5 mL of HNO 3 , block temperature of 325 °C and 3 h of time decomposition.
The response surfaces graphics presented in Figure 4 shows that for the solubilization with TMAH, as in procedure 1, there was an influence of the increase in mass of the sample in obtaining higher signals for Na, Ca and Mg.
For Na (Figure 4A ), the larger mass provided the highest signals, regardless of the volume of TMAH used. For Ca ( Figure 4B ) and Mg ( Figure 4C ), the smaller volume of the reagent showed higher signals. In this study we show that small amounts of TMAH are needed in the sample solubilization, which is consistent with the predicted by Matusiewicz et al. 4 and Nobrega et al. 21 Thus, targeting a lower reagent consumption and consequently a smaller waste generation, the TMAH volume of 100 µL was fixed. Therefore, the optimal condition for the alkaline solubilization was: 500 mg of sample in the presence of 100 µL TMAH.
Evaluation of proposed procedures
In this work for evaluation of proposed procedures for sample 
. Pareto chart for solubilization with TMAH in determining of Na (A), K (B), Ca (C) and Mg (D) by F AAS/AES
Figure 3. Surface response graphics to acid decomposition under reflux system for determination of Na (A), K (B), Ca (C) and Mg (D) by F AAS/AES depending on the sample mass, temperature and time
Figure 4. Surface response graphics for solubilization with TMAH for determination of Na (A), Ca (B) and Mg (C) for F AAS/AES depending on the sample mass and TMAH volume
preparation of Brazilian cream cheese and subsequent determination of Na, K, Ca and Mg the methodologies were validated by recovery tests. Table 4 shows the concentrations and the percentage of recoveries obtained by F AAS and FAES for the proposed procedures.
According to the results, the recovery percentages were in satisfactory ranges, between 80-103% for procedure 1, and 80-104% for procedure 2, which proves the accuracy of both procedures. These results are in accordance with established by the US-FDA. 27 Besides the recovery tests, the accuracy of the proposed methods was also confirmed by comparing the results with the reference method recommended by the Instituto Adolfo Lutz (Procedure 3). Table 5 shows the concentrations of the elements Na, K, Ca and Mg obtained in sample 1 (mg g -1 ), after the samples preparation from the three procedures and determination by FAAS/AES.
According to the results reported in the respective Table 5 , a good agreement can be observed at concentrations of all analytes, regardless of sample preparation method. By applying the Tukey test, it was possible to prove that there is no significant difference to a 95% confidence level in determining the analytes between the proposed methods and the conventional method.
The accuracy of the proposed procedures was evaluated through the RSD values obtained from nine replicates (Table 5 ). It can be seen that these values are between 0.38 and 6.40, which demonstrates the good repeatability of the procedure, since they are below 10%.
The four analytes were determined by the new MIP OES technique, checking if the preparation procedures of Brazilian cream cheese samples would be suitable for this technique, since works with nitrogen plasma generated by microwave, which has temperatures of around 6000 °C, becoming more susceptible to interferences during the elements excitation. Moreover, this study is relevant because this technique has great potential for routine analysis, since the operating cost is greatly reduced.
The figures of merit for the techniques, as well as calibration curves of all elements are in Table 6 . It was found that the calibration curves showed good linearity for the three techniques with R> 0.99, regardless of the samples preparation procedure. Regarding the sensitivity obtained by the slope of the values of the calibration curves, the MIP OES technique was more sensitive in determining the elements. By analyzing the limits of detection (LOD), it may be noted that the sample preparation by acid decomposition with reflux system had the lowest LOD values for the four elements in both techniques, possibly because the method also allows the decomposition of full sample, compared to alkaline solubilization, hereby presenting the higher excitation of the elements, raising the signals, thus allowing detection of elements at lower concentrations. Values expressed as mean ± standard deviation (n=9).
The results obtained by F AAS/AES with the optimized conditions for the two proposed procedures, applied in the samples 2, 3, 4, 5 and 6, are presented in the Table 7 . By applying the Tukey test, we found no significant difference at 95% confidence level between the various procedures proposed for its technical analysis. The average RSDs (%) obtained were 4.9% for Na, 3.0% to K, 2.7% for Ca and 2.7% to Mg, showing good repeatability of the proposed methods for the determination of analytes in different types of Brazilian cream cheese samples.
The samples were also analyzed by MIP OES and the concentrations obtained for the elements under study are presented in Table 7 . The concentrations of the elements for the two procedures in the different analytical techniques were compared by applying the Tukey test. At 99% confidence level there was no significant difference between the procedures, showing that the results were satisfactory.
For comparison of the samples (Table 7) it was performed Tukey test at 95% level of significance. When the concentrations of Na between traditional Brazilian cream cheese brand A and B (samples 2 and 4) and light Brazilian cream cheese brand A and B (samples 3 and 5) were compared, no significant difference were founded. For K evaluation a significant difference were founded. This can occur because in some light products the NaCl are replaced by KCl, resulting in an increase in the K concentration.
When Na concentrations were compared between traditional Brazilian cream cheese brand B (sample 4) and light Brazilian cream cheese with reduced Na brand B (sample 6), there was no significant difference. This result were not expected since in the product label of sample 6 it was informed that it is a light product with reduced Na amount. According to ANVISA (2012), 28 for reduced sodium amount in a product, the same must present a minimum decrease of 25% related to the traditional product of the same brand.
The Ca concentrations in traditional brands (samples 2 and 4) and light brands (samples 3 and 5) were also compared, with a significant difference between samples. This could be explained by the addition of calcium paracaseinate for the production of light Brazilian cream cheese. The light products presents a high percentage of moisture (49%), and the calcium paracaseinate is required to help achieve the necessary consistency to the final product.
Evaluation of Mg concentrations by Tukey test present no difference between traditional brands (samples 2 and 4) and light brands (samples 3 and 5).
Because of the concern about the risk of cardiovascular disease due to the increasing in the intake of Na, daily control of this element in food processing is required. The Na present on the label of the products analyzed is informed, 5.33 mg g -1 for Sample 2, 5.83 mg g -1 for Sample 3, 6.10 mg g -1 for Sample 4, 6.63 mg g -1 for Sample 5 and 4.00 mg g -1 for Sample 6. It can be observed that, regardless of the procedure used, the values obtained (Table 7) in general are not consistent with the amounts stated on the labels, which proves the importance of controlling the amounts of this element added by the industries participants of the agreement signed with Brazil's Ministry of Health. In addition, we see the importance in the determination and quantification of essential minerals such as K, Ca and Mg in dairy products, since these products are consumed as a source of nutrients.
CONCLUSION
The use of experimental design evaluates efficiently the significant variables in the preparation stage of samples and subsequent determination of elements. The acid decomposition with a reflux system and the alkaline solubilization with TMAH were efficient in the preparation of Brazilian cream cheese samples allowing the determination of the control analyte, Na, as well as essential elements, K, Ca and Mg present in Brazilian cream cheese, by F AAS (Ca, Mg) F AES (Na, K) and MIP OES (Na, K, Ca and Mg). The main advantages of the proposed procedure when compared with the reference method were the use of small amounts of sample, less sample manipulation, which decreased significantly the number of the steps involved, minimizing possible contamination and losses during execution, as well as providing greater simplicity in the analysis, essential characteristics for routine analysis.
Thus, this study evaluates the use of two simple and efficient procedures for the preparation of Brazilian cream cheese samples, which proved to be accurate and precise for the proposed goal, showing to be viable alternatives for Na control and for determining the elements K, Ca and Mg, mostly present in Brazilian cream cheese samples, as well as versatile, since there were significant responses when using the new analytical technique, MIP OES, which is of great interest in analytical determinations for its scope of elements to be determined, the high sensitivity and for allowing multielement determinations with accurate and precise results.
